1938, and because of its large size it was clearly the preparation of choice for many fundamental studies. The only drawback was that squid are available only in the summer in the north Atlantic, and do not survive well in captivity, so research work has to be done at a marine biology station, in Hodgkin's case the Laboratory of the Marine Biology Association in Plymouth.
In their first work together in 1939, Hodgkin and Huxley succeeded in introducing an internal electrode axially into the axon without damaging the cell membrane, and they measured the action potential accurately for the first time. Their results immediately showed that the membrane, in the resting state polarised with a negative charge inside, more than depolarised during the action potential; there was a positive overshoot, which was most likely due to an increased conductance to sodium ions. Further work had to be delayed until after the war.
During the war, Huxley was engaged on gunnery research, though he was given a Fellowship at Trinity in 1941 and discussed work with Hodgkin, who was working on radar research, whenever they met. It was in late 1945 that the two were reunited in Cambridge, but the Plymouth Marine Biology Laboratory had been bombed during the war and it was only in 1947 that experiments on squid Sir Andrew Huxley: 1917-2012
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Sir Andrew Huxley, who died on 30 th May this year, was one of the greatest scientists of the 20th century. He was a physiologist, very much in the quantitative tradition of Cambridge physiology established by Lucas, Hill, Adrian, Rushton and Hodgkin. He is best known for his Nobel Prize-winning work with Alan Hodgkin on the mechanism of the action potential in the squid giant axon and for his major contributions to the field of muscle contraction.
Andrew Fielding Huxley was born in 1917. He was a son from the second marriage of Leonard Huxley and a grandson of Thomas Henry Huxley, the white knight of the Darwinist cause (and a notable biologist and thinker in his own right). His father, Leonard Huxley, was not a scientist: he pursued a literary career, as did his most famous son from his first marriage, Aldous Huxley, the novelist. Leonard's eldest son, Julian, was however a well-known biologist and very much a public figure in science. As it happened, neither of the two half-brothers had much influence on the young Andrew, who was twenty years and more their junior. Andrew Huxley went up to Trinity College Cambridge to read natural sciences in 1935, with the intention of eventually engaging in one of the physical sciences, but he discovered physiology and reset his sights on medicine (which was the career his grandfather had pursued initially). But he started research work with Alan Hodgkin in 1939, the war broke out during his first year of clinical studies, and he never returned to medicine.
Alan Hodgkin was only four years older than Huxley, but he was already a Fellow at Trinity and was beginning to make a name for himself in studies of the nerve action potential. He had learned about the use of the squid giant axon from Curtis and Cole at the Marine Biology Laboratory in Woods Hole in
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were again possible. In 1945-47, Hodgkin was trying to prove the sodium ion hypothesis, by changing the external sodium concentration and observing the effect on the action potential, using crab nerve fibers and muscle fibers, and finally, with Bernard Katz, on the squid axon.
Also in this period, Hodgkin and Huxley showed that potassium leaked from crab axons during the action potential, so that by the time their major experiments on the squid axon were performed, there was reasonable evidence that the rise and overshoot of the action potential was associated with an increased conductance to sodium, and that repolarisation was associated with an increased potassium conductance.
At this time, Hodgkin favored carrier models -invoking membrane-bound molecules that would carry ions from one side of the axon membrane to the other -and Huxley calculated action potentials based on kinetic models of carrier activity, using a hand-operated calculator to integrate the differential equations. Quantitative measurements of the current-voltage relation were needed to distinguish between different models, and the means were at hand: in 1948, Hodgkin had been shown the voltage clamp technique by Cole and Marmont working at Woods Hole, by which the potential across the squid giant axon membrane could be controlled by the use of feedback, and he and Huxley built a feedback amplifier and electrodes.
There was a trial run in 1948 and then the experiments were done, mostly in one month in 1949. The subsequent analysis showed that Hodgkin's proposal of a carrier mechanism for ions was incorrect and instead they postulated a sodium and a potassium voltagedependent gated channel: in the resting axon the gates are closed, but when the voltage on the membrane is reduced, voltagesensitive gates with complex kinetics open the channels. Huxley again calculated action potentials based on what are now known as the Hodgkin-Huxley equations.
The work was finally published in 1952. The impact of this work at the time must have been shattering. Here, almost out of the blue, was a new and a profound methodology and analysis, showing how to describe the kinetics of an unknown mechanism in a quasi-molecular model. It stood largely unchallenged until the advent of the detection of gating currents in the 1970s and knowledge of the molecular structure of channels in the 1980s. For this work Hodgkin and Huxley were awarded a share of the Nobel Prize in 1963.
Overlapping with the squid axon work in 1947-48, Huxley worked with a visitor, Robert Stämpfli, on nerve conduction in myelinated axons and, using an ingenious trough and electrode arrangement, added much detail to the pioneering studies of Tasaki, showing that the action potential jumps from one node, where the surface membrane is exposed, to the next -'saltatory' conduction.
In 1951, Huxley abandoned the study of nerve, and turned for the rest of his career to muscle, working with a series of collaborators, many of them American postdoctoral fellows. So-called striated muscle fibers have a regular pattern of bands which change their length during contraction and Huxley decided to reinvestigate these changes, building interference microscopes to make quantitative measurements of mass in the optical path. Working now with Rolf Niedergerke, he showed that the changes in banding pattern when a muscle fiber shortened or was lengthened were consistent with changes in overlap of the two sets of muscle filaments -the thick filaments and the thin filamentsnewly discovered using electron microscopy by Hugh Huxley (no relation). The 'sliding filament' theory was then established in two papers in 1954, one by Hugh Huxley and Jean Hanson, and the other by Andrew Huxley and Rolf Niedergerke. The fact that Andrew Huxley contributed to the solution of two of the major problems in biology within the space of two years needs no comment.
In certain of Hugh Huxley's micrographs cross-bridges between the two sets of filaments could be seen: the cross-bridges are the head parts of the myosin molecules whose tails pack together to make up the thick filament. In 1957, Andrew Huxley published a theory of how muscle might work, mechanically and energetically, based on the repetitive action of cross-bridges, a theory that is still in use.
Huxley was to continue his studies on the contractile mechanism in a few years time, but he first returned to a membrane problem, this time in muscle: there was sketchy evidence as to how the action potential on the external membrane of muscle is transmitted to the interior to initiate contraction, by the release of calcium from an internal membrane compartment. Huxley devised a micro-pipette method of locally stimulating an isolated muscle fiber, and showed that activation occurred only at regular intervals along the fiber axis, intervals associated with a particular element of the banding system, and also at discrete sites circumferentially. It was subsequently confirmed by electron microscopy that there are transverse tubules connecting the external membrane to the interior of the fiber.
From 1958 to the end of his career, Huxley worked on the contractile mechanism, both experimentally and theoretically. The sliding filament theory has simple consequences for the mechanical properties of muscle, notably that muscle extended beyond overlap of the filaments should not be able to shorten, and that force should be proportional to overlap. Huxley solved the first of these problems using an elegantly simple mechanical apparatus, and that was his last research work in Cambridge: by 1960 Huxley had risen to be a Reader in the Department of Physiology at Cambridge, but he decided to accept the vacant chair of Jodrell Professor and Head of Department of University College London, and he was to stay at UCL until his retirement in 1983.
At UCL, he steadily built up expertise in muscle fiber mechanics, designing motors and transducers, and notably a means of controlling the length of a segment of a muscle fiber, to avoid the artifacts that arise from non-uniformities. He had a succession of collaborators who contributed to successive You just moved, right? How do you mean? Sure, just one second ago, before you interrupted me, I was frantically moving the tips of my fingers to type on the keyboard. I do all sorts of moves. There are moves my kids and I call "Sakane-Mato!!!" -an invented name of course. The two rogues use it as salutation when I get home from work. They announce "Sakane-Mato!!!" and then strike in mid-air, with the rigid hand, usually aiming at my back or the abdomen, a perfect mix of The Matrix and Kung-Fu Panda. It is painful but it makes me feel home. Of course I strike back with additional "Sakane-Mato!!!" moves. The game stops when my kids call the hospital: "come, it's about daddy again". Lucky you to have such a lovely family but I did not mean that. I heard that you relocated from Italy to Germany. Ah, you mean that. Yes, we moved approximately one year ago. The decision initially caused some unsettlement, both in my family and in the laboratory. My wife Roberta initially suffered the slings and arrows of what she considered outrageous fortune, but then took arms and guided the family into a new life in Ruhrgebiet… which probably makes you think of chimneys and coal. But it is not at refinements of this equipment. There was a direct analogy with the voltage clamp approach in nerve, but now length or force became the controlled parameter in place of voltage. This approach was applied in a quantitative study of the relation between the steady force produced by an active muscle fiber and its length: Huxley showed that force is proportional to overlap between the thick and thin filaments as predicted by the theory; moreover, maximum velocity is independent of overlap, indicating that it springs from some intrinsic kinetic mechanism of the cross-bridges.
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Most of Huxley's later work was concerned with the rapid mechanical transients that are elicited when an active muscle fiber is subjected to a rapid length change. As with the squid giant axon, there are puzzling kinetics to account for, and Huxley showed that the observed dependence of initial recovery rate on size of length change can be explained by a two-state force-generating process in the cross-bridges. This theory still awaits final confirmation or disproof, but it has been at the heart of the 'standard model' for three decades.
On his retirement from the Royal Society Research Professorship that he had held for the last 14 years at UCL, he returned to Cambridge, where he succeeded Hodgkin as Master of Trinity College. He kept a laboratory in Cambridge and contributed a great deal technically to the research of collaborators in the muscle mechanics field, and continued to be very active in the field. His performance at muscle workshops was legendary, when on the final morning he would sum up the whole conference, apparently completely au fait with the work of everyone present, and ready to debate their work with them.
There must be hundreds of scientist who benefited from his personal help. Robert Stämpfli has an anecdote about this from Cambridge days: "Huxley was usually hungry at this time of the day and stopped in the midst of an experiment when tea time came. We went to the common room, where a big kettle of water was boiling and tea was available. Several paintings on the wall, particularly the one of Sir Joseph Barcroft, gave a college atmosphere. Huxley, then about 30 years old, was known to come in regularly for tea and to eat 'buns' with margarine and jam. All those in the laboratory and others from outside, who wanted to make use of his remarkable intelligence, came and waited respectfully until his second helping before asking questions. He would at first listen and continue chewing. Then, instead of answering directly, he usually reformulated the question much more precisely and to the point than others had been able to put it. He then gave a quick answer if the problem had become a pseudoproblem by his new formulation. But quite often he took a pencil and a sheet of paper and began to develop the adequate mathematical expression. The general belief of the audience was that no one could ever find a mistake in the work of his brain. This explained why so many who had difficulties getting their problems straight used Huxley as a human computer."
Many honours came his way, notably a knighthood in 1974 and the Order of Merit in 1983. There were a number of public appointments, among which he was President of the Royal Society in 1980-85. He married Richenda Pease in 1947, and they had six children. He and Richenda (who predeceased him in 2003) were wonderfully complementary, with her spontaneity and warmth balancing his critical and sometimes formal manner, though in private he showed an unexpectedly sympathetic side to his character and a surprisingly broad sense of humor. The two were extremely hospitable and seemed to run a continuous open house for foreign scientists whether at Trinity or at their home in Grantchester.
Andrew Huxley will be most fondly remembered as a 'scientist's scientist', who by an extraordinary combination of sheer mental ability, intuition and application could do easily and elegantly everything that lesser mortals found difficult or impossible: he seemed to have an extra gear which, when engaged, propelled him rapidly out of intellectual sight.
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